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© A liquid crystal display device for projection ap- 
paratus having a liquid crystal display panel (1 ) of a 
laser heat write-in type, a frame (2) having heaters 
(7) therein and supporting the liquid crystal display 
panel (1) and a pair of light transmission panels 
(11a. 11b) located to sandwich the liquid crystal 
display panel (1) therebetween with a predetermined 
spacing from its opposite surfaces, whereby a sub- 
stantially air-tight space (12) is formed in contact 
with at least an effective display area on each op- 
posite side of the liquid crystal display panel (1) in 
cooperation with the frame (2) and the pair of light 
transmission panels (11a, 11b) so that the air-tight 
spaces (12) can be held at "a predetermined tem- 
perature. Thus, at least the effective display area of 
the liquid crystal display panel can be held at a 
predetermined bias temperature over substantially 
the entire surface, reducing the power required for a 
write-in laser beam and avoiding irregular resolution 
of an optical image to be displayed. 
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UQUID CRYSTAL DISPLAY DEVICE FOR PROJECTION APPARATUS 



The -nvention relates generally to liquid crystal 
display devices for projection apparatus and more 
particularly to a liquid crystal display device of a 
!aser beam heat write-in kind in which an image 
can be written and displayed by the irradiation of 
laser beams. 

FIG. 1 is a perspective view illustrating an 
example of a liquid crystal display device of a laser 
beam heat write-in of previously proposed kind in 
which an image is written and displayed by the 
irradiation of a laser beam. FiQ. 2 is a longitudinal 
cross-sectional view taken through the central line 
of FIG. 1. 

Referring to FIGS. 1 and 2, the liquid crystal 
display device is formed such that a transparent 
electrode (not shown) is deposited on the inner 
surfaces of opposing transparent panels 1a and 1b 
made of glass plates. The peripheral edges of 
these transparent panels la and 1b are sealed, 
liquid-tight, with a predetermined spacing there- 
between for example by frit-sealing. Liquid crystal 
ts injected in the space between the transparent 
panels 1a and 1b and then sealed whereby a liquid 
crystal display panel 1 is formed. The liquid crystal 
display panel 1 is supported by a frame 2 made of. 
for example, aluminium. The frame 2 comprises 
rectangular frame members 2a and 2b which are 
joined together by fastening screws 4. "the rectan- 
gular frame members 2a and 2b have openings 3a 
and 3b therein through "which the effective display 
area oTthe liquid crystal display panel 1 is exposed 
to the outside. A base table 5 is moulded of, for 
example, a resin and supports the frame 2 by a 
screw 6. 

Within the frame 2, a plurality of linear-shaped 
heaters 7 are embedded, which are heated by 
supplying electrical power thereto. Reference nu- 
meral 8 denotes a temperature detecting element 
such as a thermocouple embedded into the frame 
2. The temperature detecting element 8 is used to 
detect the temperature of the frame 2, and on the 
basis of the detected temperature, the power sup- 
ply to the heaters 7 is controlled, whereby the 
liquid crystal display panel 1 is held at a predeter- 
mined bias temperature. The frame portions 2a and 
2b of the frame 2 are both in close contact with the 
transparent panels 1a and 1b of the liquid crystal 
display panel 1 and the thus" heated frame 2 can 
hold at least the effective display area of the liquid 
crystal display panel 1 at the predetermined bias 
temperature. 

In the thus arranged liquid crystal display de- 
vice of laser beam heat write-in kind, a laser beam 
is irradiated on the liquid crystal display panel 1 to 



cause, for example, phase change of the liquid 
crystal to occur only at the liquid crystal portion 
irradiated with the laser beam. Thus, optical trans- 
mission degree at that irradiated portion changes 

s as compared with that of other portions thereby 
optically to display an image. Since at least the 
effective display area of the liquid crystal display 
panel 1 is held at the predetermined bias tempera- 
ture as set forth above, the liquid crystal display 

to panel 1 can be written with an image at high speed 
and with high resolution by a small write-in laser 
beam. 

In the above-described liquid crystal display 
device, however, the liquid crystal display panel 1 

75 is brought into contact with the heated frame 2 at 
its peripheral portion of the effective display area 
and the liquid crystal display panel 1 is substan- 
tially heated from its peripheral portion. Conse- 
quently, the heating temperature at the middle por- 

20 tion of the liquid crystal display panel 1 is lower 
than that at the peripheral portion thereof. In fact, 
the temperature difference therebetween can ex- 
ceed 2*C. Thus, the image cannot be written uni- 
formly in the respective areas of the effective dis- 

25 play area of the liquid crystal display panel 1 and 
hence the image is displayed with scattering, thus 
degrading the quality of a displayed image. 

According to the invention there is provided a 
liquid crystal display device for projection appara- 

30 tus, comprising: 

a) a liquid crystal display panel of a laser 
heat write-in kind; 

b) a frame having heating means and sup- 
porting the liquid crystal display panel; and 

35 c) a pair of light transmission panels respec- 

tively located in opposing relation to the opposite 
outer surfaces of the liquid crystal display panel 
with a predetermined distance therebetween to. 
form, on each side, a substantially air-tight space in 

40 contact with at least an effective display area of the 
liquid crystal display panel whereby, in cooperation 
with the frame, the light transmission panels each 
hold the respective air-tight space at a predeter- 
mined temperature. 

45 

Such a liquid crystal display device can solve 
the problem of a temperature difference between a 
central portion and a peripheral portion of an effec- 
tive display area of a liauid crystal panel and 
so thereby prevent the quality of -a displayed image 
from being degraded. 

The invention is diagrammatically illustrated by 
way of example in the accompanying drawings in 
which;- 
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FIG. 1 is schematic perspective view of a 
liquid crystal display device of previously proposed 
kind; 

FIG. 2 is a cross-sectional view taken along 
a vertical line through the central portion of the 5 
liquid crystal display device of FIG. 1 ; 

FIG. 3 is a schematic perspective view of an 
embodiment of a liquid crystal display device ac- 
cording to the invention; 

FIG. 4 is a longitudinal cross-sectional view ;o 
taken through the central portion of the liquid cry- 
stal display device of FIG.3; and 

FIG. 5 is an illustration used to explain one 
of the ways in which an image can be written-in 
and read from the liquid crystal display device of is 
the present invention. 

In FIGS. 3 and 4, like parts corresponding to 
those of FIGS. 1 and 2 are marked with the same 
references and therefore will not be further de- 20 
scribed in detail. 

Referring to FIGS. 3 and 4, also in this embodi- 
ment, the frame 2 comprises the pair of opposing 
frame portions 2a and 2b. The pair of opposing 
frame portions 2a and "2b sandwiched there- 25 
between the liquid crystal display panel 1. The 
frame portions 2a and 2b are integrally joined with 
each other by fastening screws 4 to form the frame 
2. The frame 2 is mounted on the base table 5 by 
screws 6. 30 

The plurality of linear-shaped heaters, i.e., the 
heating means 7 are embedded within the frame 2 
along the left and right edges and the upper and 
lower edges thereof. When these heating means 7 
are supplied with electric power, they can heat the 35 
frame 2, i.e., the frame portions 2a and 2b. The 
temperature"detecting element 8 such as the ther- 
mocouple is also embedded into the frame 2 to 
detect its temperature. In response to the tempera- 
ture of the frame 2 detected by the temperature aq 
detecting element 8 , the power supply to the 
heating means 7 is controlled whereby the frame 2 
can be held at the predetermined temperature. 

In the openings 3a and 3b formed through the 
respective frame portions 2a and 2b of the frame 2, 45 
panels made of material having a light transmission 
characteristic, ag. glass plates 11a and 11b, are 
engaged and respectively spaced apart from" both 
outer surfaces of the display panel 1 by a predeter- 
mined distance such that substantially air-tight so 
spaces 12 are respectively formed by the coopera- 
tion of the frame 2 and the glass plates 11a, 11b 
between the outer surface of display panel! and 
the inner surfaces of glass plates 11a, 11b. The 
spaces 12 each correspond to at least The effective 55 
display area of display panel. On the side opposite 
to the side from which the writing laser beam is 
introduced into the liquid crystal display panel 1, 



an infrared ray absorbing filter 13 is mounted on 
the inside surface of the glass panel 11a or the 
glass panel 11a can be given the infrared ray 
absorbing property by mixing a suitable substance 
thereinto. 

The liquid crystal display panel 1 can be held 
at a uniform bias temperature of, for example, 
about 52 *C by heating the heating means 7 em- 
bedded in the frame 2. 

An example of how to write-in and read an 
image from such a liquid crystal display device will 
be described with reference to FIG. 5. 

Referring to FIG.5, there is shown a laser light 
source 31 such as a semiconductor laser diode to 
emit a writing laser beam. The laser beam emitted 
from the laser light source 31 is modulated in 
response to an image to be displayed on the liquid 
crystal display panel 1 . The modulated laser beam 
is collimated by a lens 32 and introduced, for 
example, into two deflectors (so-called galvao 
scanners) 33. whereby it is deflected in the hori- 
zontal and vertical directions or in a two-dimen- 
sional fashion. Then the laser beam is focused on 
the liquid crystal display panel 1 by a focusing lens 
34 while the laser beam is deflected so as to be 
scanned in the horizontal and vertical directions by 
the deflectors 33. In this way. an image to be 
displayed is stored in the liquid crystal display 
panel 1 by heating caused by the irradiation of the 
laser beam. Then, the optical image written in the 
liquid crystal of the liquid crystal display panel 1 as 
its phase change is projected onto a screen 35 by 
a projection optical system. In the projection optical 
system, a light from a light source 36 formed of. for 
example, a metal halide lamp, is irradiated through 
a condenser lens 37 to the liquid crystal display 
panel 1 and the light which has travelled thereth- 
rough is projected onto the screen 35 via a projec- 
tion lens system 38. In the embodiment shown, a 
concave surface reflection mirror 39 is used effec- 
tively to utilise the light from the light source 36. 
An infrared ray absorbing filter 40 protects the 
condenser lens 37 from being damaged by the 
infrared rays from the light source 36. An infrared — 
ray absorbing filter 40 protects the condenser lens 
37 from being damaged by the infrared 'ays from 
the light source 36. A dichroic mtrror 41 introduces 
the light from the light source 36 into the liquid 
crystal display panel 1. Also, this dichrotc mirror 41 
reflects the laser beam from the laser light source 
31 so that the reflected laser beam travels towards 
the liquid crystal display panel 1 upon writing. 

A mirror 42 directs the light travelling through 
the liquid crystal display panel 1 onto the screen 
35. 

According to the above-mentioned arrange- 
ment, the laser beam can be written in the liquid 
crystal display panel 1 and then the optical image 
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can be projected onto the screen35. If the infrared 
ray absorbing filter 13 is located on the side of the 
Hauid crystal display panel 1 opposite to the side 
from which the laser beam is incident on the liquid 
crystal display panel 1, the infrared ray absorbing 
filter 13 can introduce the infrared rays, Le., heat 
waves, into the light transmission panel 1 1 a effec- 
tively so that the temperature in the air-tight space 
12 can be held more uniformly at a predetermined 
value. 

Since the substantially air-tight space 12 is 
formed in contact with the effective display area of 
the liquid crystal display panel 1, the temperature 
within this air-tight space 12 can be held substan- 
tially uniform in each portion owing to convection. 
Thus, the entire regions over the central portion 
and the peripheral portion of the effective display 
area of the liquid crystal display panel 1 can be 
held at a substantially uniform temperature. For 
example, the difference, between the temperatures 
of the middle portion and the peripheral portion of 
the effective display area of the liquid crystal dis- 
play panel 1 can be reduced to 0.4 to 0.5* C, and a 
drsplay of sufficiently high quality can be obtained. 



Claims 

1. A liquid crystal display device for projection 
apparatus, comprising: 

a) a liquid crystal display panel (1) of a laser 
heat write-in kind; 

b) a frame (2) having heating means (7) and 
supporting the liquid crystal display panel (1); and 

c) a pair of light transmission panels (11a, 
11b) respectively located in opposing relation to 
the" opposite outer surfaces of the liquid crystal 
display panel (1) with a predetermined distance 
therebetween to form, on each side, a substantially 
air-tight space (12) in contact with at least an 
effective display area of the liquid crystal display 
panel (1) whereby, in cooperation with the frame 
(2), the -ight transmission panels (11 a, 11b) each 
hold the respective air-tight space (12) at~a pre- 
determined temperature. 

2. A liquid crystal display device according to 
claim 1 . further comprising an infrared ray absorb- 
ing filter (13) provided on the inner surface of one 
(11a) of the light transmission panels. 

~3. A liquid crystal display device according to 
claim 1 or claim 2, wherein one of the light trans- 
mission panels (11a) itself has an infrared ray ab- 
sorbing property. 

4. A liquid crystal display device according to 
claim 2. wherein one (11a) of the light transmission 
panels is located on the side of the liquid crystal 



display panel opposite to the side from which a 
laser beam is applied to the liquid crystal display 
panel (1). 

5. A liquid crystal display device according to 
s claim 3. wherein the light transmission panel (11a) 
having an infrared ray absorbing property is lo- 
cated on the side of the liquid crystal display panel 
(1) opposite to the side from which a laser beam 
becomes incident on the liquid crystal display pan- 
70 el (1). 
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